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Abstract. We describe a class of models of electroweak symmetry breaking that
involve strong dynamics and top quark condensation. A new scheme based upon
a seesaw mechanism appears particularly promising. Various implications for the
rst-stage muon collider are discussed.
TOPCOLOR I
The top quark mass may be large because it is a combination of a dynamical
condensate component, (1 − )mt, generated by a new strong dynamics [?],
together with a small fundamental component, mt, i.e,  << 1, generated
by something else. The most obvious \handle" on the top quark for new
dynamics is the color index. Invoking new dynamics involving the top quark
color index leads directly to a class of Technicolor{like models incorporating
\Topcolor". We expect in such schemes that the new strong dynamics occurs
primarily in interactions that involve tttt, ttbb, and bbbb.
In Topcolor I the dynamics at the  1 TeV scale involves the following
structure at the TeV scale (or a generalization thereof) [?]:
SU(3)1  SU(3)2  U(1)Y 1  U(1)Y 2  SU(2)L ! SU(3)QCD  U(1)EM (1)
where SU(3)1 U(1)Y 1 (SU(3)2U(1)Y 2) generally couples preferentially to
the third (rst and second) generations. The U(1)Y i are just strongly rescaled
versions of electroweak U(1)Y .
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2The fermions are then assigned (SU(3)1; SU(3)2; Y1; Y2) quantum numbers
in the following way:
(t; b)L  (3; 1; 1=3; 0) (t; b)R  (3; 1; (4=3;−2=3); 0) (2)
( ; )L  (1; 1;−1; 0) R  (1; 1;−2; 0)
(u; d)L; (c; s)L  (1; 3; 0; 1=3) (u; d)R; (c; s)R  (1; 3; 0; (4=3;−2=3))
(; ‘)L ‘ = e;   (1; 1; 0;−1) ‘R  (1; 1; 0;−2)
Topcolor must be broken, which we describe by an (eective) scalar eld:
  (3; 3; y;−y) (3)
When  develops a VEV, it produces the simultaneous symmetry breaking
SU(3)1  SU(3)2 ! SU(3)QCD and U(1)Y 1  U(1)Y 2 ! U(1)Y (4)
SU(3)1  U(1)Y 1 is assumed to be strong enough to form chiral condensates
which will be \tilted" in the top quark direction by the U(1)Y 1 couplings. The
theory is assumed to spontaneously break down to ordinary QCD U(1)Y at
a scale of  1 TeV, before it becomes conning. The isospin splitting that





is due to the U(1)Y i couplings. The b{quark mass in this scheme can arise
from a combination of ETC eects and instantons in SU(3)1. The {term in
SU(3)1 may manifest itself as the CP{violating phase in the CKM matrix.
Above all, the new spectroscopy of such a system should begin to materialize
indirectly in the third generation, perhaps at the Tevatron in top and bottom
quark production, or possibly in a muon collider.
The symmetry breaking pattern outlined above will generically give rise
to three (pseudo){Nambu{Goldstone bosons ~a, or\top-pions", near the top
mass scale. This is the smoking gun of Topcolor. [We were led to Topcolor
by considering how strong dynamics might produce the analog of the decay
t! H+ + b, considered to be a SUSY signature for a charged Higgs-boson H.
This is an example of \SUSY-Technicolor/Topcolor duality".] If the Topcolor
scale is of the order of 1 TeV, the top-pions will have a decay constant of
f  50 GeV, and a strong coupling given by a Goldberger{Treiman relation,
gtb  mt=
p
2f  2:5, potentially observable in ~+ ! t+ b if m~ > mt +mb.
We assume presently that ESB can be primarily driven by a Higgs sector
or Technicolor, with gauge group GTC [?] [?]. This gives the O() component
of mt. Technicolor can also provide condensates which generate the breaking
of Topcolor to QCD and U(1)Y .
The coupling constants (gauge elds) of SU(3)1  SU(3)2 are respectively




2) while for U(1)Y 1  U(1)Y 2 they are respectively q1
3and q2, (B1; B2). The U(1)Y i fermion couplings are then qi
Y i
2
, where Y1; Y2
are the charges of the fermions under U(1)Y 1; U(1)Y 2 respectively.
Topcolor I produces new gauge heavy bosons Z 0, and \colorons" BA with
couplings to fermions given by:
LZ0 = g1(Z
0  JZ0) LB = g3 cot (B
A  JAB ) (5)
where the currents JZ0 and JB in general involve all three generations of
fermions
JZ0 = −(JZ0;1 + JZ0;2) tan 
0 + JZ0;3 cot 
0 (6)
JB = −(JB;1 + JB;2) tan  + JB;3 cot 





































where A is a Gell-Mann matrix acting on color indices. We ultimately demand
cot   1 and cot 0  1 to select the top quark direction for condensation.
The attractive Topcolor interaction, for suciently large  = g23 cot
2 =4,





which would break SU(2)LSU(2)RU(1)Y ! U(1)SU(2)c, where SU(2)c
is a global custodial symmetry. On the other hand, the U(1)Y 1 force is at-
tractive in the tt channel and repulsive in the bb channel. Thus, to makeD
bb
E









Here Nc is the number of colors and 1 = g
2
1 cot
2 0=4. (It should be men-
tioned that our analyses are performed in the context of a large-Nc approxi-
mation). This leads to \tilted" gap equations in which the top quark acquires
a constituent mass, while the b quark remains massless. Given that both 
and 1 are large there is no particular ne{tuning occuring here, only \rough{
tuning" of the desired tilted conguration. Of course, the NJL approximation
is crude, but as long as the associated phase transitions of the real strongly
coupled theory are approximately second order, analogous rough{tuning in
the full theory is possible. The full phase diagram of the model is shown in
Fig. 1. of [?].
4TOPCOLOR II
If the above described \Topcolor I" is the analog of Weinberg’s original
version of the SM, incorporating standard fermions and the Z-boson, then
Topcolor II is the analog of the original Georgi-Glashow model, which incor-
porated no new Z boson, but rather included additional fermions. [This is an
example of \Weinberg|Georgi-Glashow" duality.] The strong U(1) is present




. However, we can
give a model in which there is: (i) a Topcolor SU(3) group but (ii) no strong
U(1) with (iii) an anomaly-free representation content. In fact the original
model of [?] was of this form, introducing a new quark of charge −1=3. Let
us consider a generalization of this scheme which consists of the gauge struc-
ture SU(3)QSU(3)1SU(3)2U(1)Y SU(2)L. We require an additional
triplet of fermions elds (QaR) transforming as (3; 3; 1) and Q
_a
L transforming
as (3; 1; 3) under the SU(3)Q  SU(3)1  SU(3)2.
The fermions are then assigned the following quantum numbers in SU(2)
SU(3)Q  SU(3)1  SU(3)2  U(1)Y :
(t; b)L (c; s)L  (2; 1; 3; 1) Y = 1=3 (9)
(t)R  (1; 1; 3; 1) Y = 4=3;
(Q)R  (1; 3; 3; 1) Y = 0
(u; d)L  (2; 1; 1; 3) Y = 1=3
(u; d)R (c; s)R  (1; 1; 1; 3) Y = (4=3;−2=3)
(; ‘)L ‘ = e; ;   (2; 1; 1; 1) Y = −1;
(‘)R  (1; 1; 1; 1) Y = −2
bR  (1; 1; 1; 3) Y = 2=3;
(Q)L  (1; 3; 1; 3) Y = 0;
Thus, the Q elds are electrically neutral. One can verify that this assignment
is anomaly free.




condensate which acts like the 
eld and breaks the Topcolor group down to QCD dynamically. We assume
that Q is then decoupled from the low energy spectrum by its large constituent
mass. There is a lone U(1) Nambu{Goldstone boson  Qγ5Q which acquires
a large mass by SU(3)Q instantons.
TRIANGULAR TEXTURES
The texture of the fermion mass matrices will generally be controlled by
the symmetry breaking pattern of a horizontal symmetry. In the present case
